BACKGROUND: Chromosomal mosaicism in human embryos may give rise to false positive or false negative results in preimplantation genetic diagnosis for aneuploidy screening (PGD-AS). Therefore, we have investigated whether the results obtained from a 2-cell biopsy of frozen±thawed embryos and¯uorescence in situ hybridization (FISH) analysis are representative for the chromosome constitution of the remaining embryo on day 5. METHODS: Cryopreserved day 3 embryos were thawed and from surviving embryos two blastomeres were biopsied. FISH analysis was performed for chromosomes 1, 7, 13, 15, 16, 18, 21, 22, X and Y. After biopsy, the embryos were cultured until day 5 and further analysed using the same probe panels. RESULTS: In all, 17 embryos were available with a diagnosis based on two blastomeres on day 3 and con®rmatory studies on day 5. In 10 of these 17 cases the initial diagnosis could be con®rmed. However, in only six cases cytogenetic results were concordant. Besides the 10 cases with a`correct' diagnosis, there were six false positive results and one false negative, all involving mosaicism. CONCLUSIONS: Investigating the chromosomal constitution of two blastomere nuclei offers a good opportunity to study the incidence of chromosomal mosaicism in early embryo development. The con®rmation rate of the results obtained on day 3 depends on the interpretation and is higher when considered from a clinical than from a cytogenetic point of view.
Introduction
The advent of IVF as a treatment for infertility has created the opportunity to study the chromosomal constitution of surplus human preimplantation embryos. An increasing body of evidence suggests that the incidence of chromosomal abnormalities in embryos is extremely high (as reviewed by Macklon et al., 2002; Wilton, 2002) . Accumulating evidence suggests that good embryo morphology does not necessarily exclude an abnormal chromosomal constitution (Magli et al., 2000; Voullaire et al., 2000; Wells and Delhanty, 2000; Sandalinas et al., 2001) . Since aneuploidies are considered the main cause of embryonic wastage and loss, this phenomenon may be primarily responsible for the relatively poor pregnancy rates reported after IVF, as well as the poor fertility performance of humans in vivo (Delhanty, 2001) . Multiple embryos are usually transferred in IVF in an attempt to overcome low implantation rates per embryo, resulting in considerable multiple pregnancy rates (Fauser, 1999; Hunault, 2002) .
Preimplantation genetic diagnosis for aneuploidy screening (PGD-AS) is proposed as an effective tool in selecting IVF embryos for transfer. Although used in over 24 IVF centres around the world, its bene®cial effect remains dif®cult to assess. A positive effect on implantation and ongoing pregnancy rates in a group of patients with advanced maternal age was observed in retrospective studies (Munne Â et al., , 2003 . Other indications for which PGD-AS has been proposed include recurrent implantation failure and recurrent miscarriage. However, clinical bene®ts have not yet been convincingly demonstrated ESHRE PGD Consortium Steering Committee, 2002; Pehlivan et al., 2003; Rubio et al., 2003) .
An important factor affecting PGD-AS outcome is the risk of misdiagnosis. Next to technical errors, chromosomal mosaicism within an embryo can be a source of misdiagnosis. Different studies show the percentage of mosaic embryos to be highly variable. The reported range in cleavage stage embryos is 2±90%, depending on maternal age, patient subgroup, method of analysis [karyotyping,¯uorescence in situ hybridization (FISH), comparative genomic hybridization (CGH)], number of chromosomes analysed and how mosaicism is de®ned (Jamieson et al., 1994; Munne Â et al., 1995; Almeida and Bolton, 1996; Harper and Delhanty, 1996 ; Bahc Ëe et al., 1999; Gianaroli et al., 1999; Iwarsson et al., 1999; Ruangvutilert et al., 2000; Voullaire et al., 2000; Wells and Delhanty, 2000; Bielanska et al., 2002; Voullaire et al., 2002) . For the chromosomes investigated so far, and from CGH studies where all the chromosomes can be analysed, it appears that all chromosomes can be involved in mosaicism. Because of this phenomenon, analysis of a single cell may not represent the chromosomal content of the remaining embryo, leading to false positive or false negative results. It has therefore been proposed to analyse two rather than one blastomere from each embryo (Harper and Delhanty, 1996; Staessen et al., 1997; Iwarsson et al., 1999) . Investigating two cells would provide more insight into the incidence of mosaicism of day 3 embryos. However, the impact of a 2-cell biopsy on developmental potential of the embryo and the added value for achieving a higher rate of ongoing pregnancies is still controversial and needs to be further elucidated.
So far only one comprehensive report on results after PGD-AS on two biopsied blastomeres has been published. This study considered only four embryos, analysing three chromosomes (Emiliani et al., 2000) . One of these four embryos showed discordant results between the two analysed blastomeres and thus was found to be mosaic at day 3. This embryo was reanalysed at day 5 and appeared largely normal. Other studies only reanalysed those embryos that were considered not suitable for transfer due to chromosomal abnormalities diagnosed on a single blastomere (Veiga et al., 1999; Magli et al., 2000; Gianaroli et al., 2001; Sandalinas et al., 2001) . Here, high rates of con®rmation were described (91, 92, 65±100 and 50% respectively), but very few details were given as to what was considered con®rmed. In conclusion, the effect of mosaicism at the 8-cell stage on the reliability of the diagnosis and further development of the embryo is largely unknown.
We have biopsied frozen±thawed good quality embryos and performed FISH analysis for chromosomes 1, 7, 13, 15, 16, 18, 21, 22 , X and Y on two blastomeres. After biopsy, the embryos were cultured until day 5 and subsequently reanalysed using the same probe panels. The current study was undertaken to assess how representative the results obtained from a 2-cell embryo biopsy on day 3 are for the chromosome constitution of the remaining embryo on day 5, when the embryo is usually transferred in a clinical setting. Moreover, additional information can be obtained regarding the chromosomal content of good quality embryos after cryopreservation.
Materials and methods

Embryos
The spare cryopreserved preimplantation embryos used in this study were obtained from couples undergoing routine IVF procedures in the period between January 1993 and June 1999. The study was approved by the Dutch Central Committee on Research Involving Human Subjects (CCMO) and the local ethics review committee of the hospital. Written consent was obtained from the couples in order to con®rm that the embryos could be used for research purposes.
Ovarian stimulation, ovulation induction, oocyte retrieval and IVF/ ICSI were performed as described previously (Huisman et al., 2000) . A maximum of two embryos was transferred on day 3 after oocyte retrieval according to our previously published protocol (Huisman et al., 2000) . Supernumerary, good quality embryos were subsequently cryopreserved. The cryopreservation procedure was performed using a slow-freezing 1.5 mol/l dimethylsulphoxide (DMSO) protocol in a programmed freezer (De Jong et al., 2002) .
For this study, 121 frozen day 3 (4±8 cell) embryos from 25 patients were thawed and taken through consecutive washes of 1.2, 0.9, 0.6 and 0.3 mol/l DMSO for 5 min each. They were transferred to culture medium supplemented with 14.2% GPO (human plasma solution; CLB, The Netherlands) and cultured for b2 h. Before the biopsy procedure, the embryos were scored for quality and number of blastomeres. Embryo quality scores were assigned according to previously described criteria (Huisman et al., 2000; Hohmann et al., 2003) . Only embryos with ®ve or more blastomeres were biopsied, taking two cells only if the embryo consisted of seven or more blastomeres.
In total, 29 embryos from 12 patients survived the cryopreservation procedure, after storage for an average of 6.4 years (range: 10.2±3.8). These 12 patients (mean maternal age: 33.7 years) all had become pregnant after transfer of two embryos in the cycle where the embryos were frozen.
Biopsy procedure and spreading of blastomeres and embryos Prior to biopsy, embryos were washed ®ve times in calcium/ magnesium-free medium (EB-10 medium; Vitrolife, Sweden) and then incubated in EB-10 medium for 5 min at 37°C. The biopsy was performed on the heated stage of a Nikon IX-70 microscope, equipped with micromanipulation tools. An infrared diode laser system (OCTAX Laser Shot; OCTAX Microscience GmbH, Germany) with appropriate software (OCTAX EyeWare) was used for partial dissection of the zona pellucida prior to biopsy. After biopsy of one or two blastomeres, the embryos were removed and cultured for another 48 h under normal culture conditions. The remaining blastomeres were ®xed according to the method described by Dozortsev and McGinnis (2001) . In short, the blastomere was washed once in 1% sodium citrate and transferred onto a slide (Superfrost Plus; Menzel Gla Èser, Germany). Spreading solution (HCl/Tween 20; 0.01 N HCl/0.1% Tween 20) was added until the cytoplasm was largely removed. The solution was then allowed to dry and a drop of fresh ®xative (methanol:acetic acid, 3:1) was added. After drying, the slide was incubated in 100% methanol for 1 min, air-dried and stored at ±20°C overnight. The biopsied embryos were analysed for cleavage stage and quality at day 5 and then spread as described above.
FISH procedure
The DNA probes used in the ®rst round were centromere probes for chromosomes 1 (pUC 1.77; Cooke and Hindley, 1979) , 7 (pa7t1; Waye et al., 1987), 15 (pTRA-20; Choo et al., 1990) , X (pBamX5; Willard et al., 1983 ) and a Y chromosome heterochromatin probe (RPN1305; Lau, 1985) . They were labelled by nick translation with Alexa Fluor 594, Alexa Fluor 488, Alexa Fluor 350 or Paci®c Blue using an ARES labelling kit (Molecular Probes Europe BV, Netherlands) according to the instructions of the manufacturers. The labelled probes were resuspended in hybridization buffer consisting of 60% formamide and 2Qstandard saline citrate (SSC; pH 7.0). The DNA probes used in the second round were centromere probes for chromosomes 16 and 18, labelled with Spectrum Blue and Spectrum Aqua, combined with LSI probes for chromosomes 13, 21 and 22 labelled with Spectrum Red, Green and Gold respectively (Multivysion PB kit; Vysis, USA).
Two rounds of ®ve-colour FISH were applied to each blastomere or embryo. In the ®rst round, FISH was performed for chromosomes 1 (aqua), 7 (blue), 15 (red), X (yellow) and Y (green). A yellow signal was obtained by mixing equal volumes of green and red¯uorescence probes. A hybridization mixture was made, containing 1.0 ng of each labelled probe in 50% formamide, 10% dextran sulphate, 1% Tween 20 and 2QSSC in a ®nal volume of 10 ml. Per slide, 0.5 ml hybridization mixture was applied. Blastomere and probe DNA were denatured simultaneously at 75°C for 3 min and allowed to hybridize in a humid box (containing 50% formamide in 2QSSC, pH 7.2) at 37°C for 2 h. After hybridization, the coverslips were removed and slides were washed in 2QSSC/0.05% Tween 20 for 2 min at 42°C, then in 0.1QSSC for 6 min at 60°C and in 2QSSC/0.05% Tween 20 for 2 min at room temperature. The slides were allowed to air-dry and mounted in Vectashield antifade medium (Vector Laboratories, USA), or in later experiments in Vectashield containing 1.25 ng/ml 4¢,6-diamidino-2-phenylindole (DAPI). Slides were examined with a Zeiss Axioplan 2 imaging epi¯uorescence-equipped microscope, using appropriate ®lters. Images were captured with the PowergeneÔ Macprobe system (Applied Imaging International Ltd, UK), or in later experiments with the ISIS FISH Imaging System (MetaSystems, Germany). After the ®rst hybridization round, antifade medium was removed with two washes in 2QSSC/0.05% Tween 20 for 5 min at room temperature. The slides were dehydrated and the probe mix for the second round was applied. The slides were denatured for 6 min at 69°C and allowed to hybridize overnight. Slides were washed in 2QSSC/0.05% Tween 20 for 2 min at 42°C, then in 0.6QSSC/0.05% Tween 20 for 6 min at 60°C and in 2QSSC/0.05% Tween 20 for 2 min at room temperature. The slides were allowed to air-dry and mounted in Vectashield antifade medium. Signals from the second round were recorded and compared with those from the ®rst round to ensure that they had not persisted. For both rounds, we used the scoring criteria previously published (Munne Â et al., 1998) . The ef®ciency of the FISH probes was tested on uncultured peripheral lymphocyte spreads from two men and two women with normal karyotypes. Slides were prepared according to standard protocols and they were hybridized using the same protocol as for the embryonic cells. Signals were counted in 200 nuclei. In addition, the positions of 16 individual nuclei were recorded and images were obtained after each round to check for persisting signals.
Interpretation of FISH signals and de®nitions
Based on the analysis of two blastomeres per embryo, we classed day 3 embryos as normal (both nuclei showing the normal amount of signals for the chromosomes investigated), mosaic (one normal nucleus and one abnormal or each nucleus showing a different abnormality) or aneuploid (both nuclei carrying the same abnormality). After analysis of all the cells from each embryo on day 5, we chose the following de®nitions on the basis of the results obtained. We classed embryos as normal (b80% normal nuclei and <10% of the nuclei with the same chromosome abnormality), aneuploid (b90% of nuclei showing the same abnormality) or mosaic (between 10 and 90% of the cells showing the same chromosome abnormality). Embryos with b90% haploid, tetraploid or triploid nuclei were classed as such. However, we considered the occurrence of some tetraploid cells as a normal phenomenon of in vitro-cultured embryos (Evsikov and Verlinsky, 1998; Bielanska et al., 2002) and treated them as normal cells.
A diagnosis of normal, aneuploid or mosaic on day 3 was considered to be con®rmed on day 5 if normal, aneuploid or mosaic results were recovered on day 5 respectively. The diagnosis was considered cytogenetically con®rmed, if the same chromosomal abnormalities seen on day 3 were observed on day 5. Furthermore, if aneuploidy was diagnosed on day 3 and a substantial proportion (~80%) of the cells on day 5 showed the same chromosomal abnormality, the diagnosis was also considered cytogenetically con®rmed as well.
Results
Control lymphocytes
The probes were tested for hybridization ef®ciency on lymphocyte spreads from two males and two females in 200 nuclei. The hybridization ef®ciencies for the individual probes were calculated as the percentage of nuclei showing the expected number of signals and ranged between 93 and 100%. Furthermore, 84% of the nuclei showed the normal amount of signals for all ®ve probes in the ®rst round and 90% in the second round. No persisting signals from the ®rst round were observed in the second round.
Embryo biopsy and culture
After thawing, embryos were scored (average morphology score: 2.4) and 29 embryos were considered suitable for biopsy, based on the number of blastomeres. Only two embryos showed <10% fragmentation. From 21 embryos, two blastomeres could be biopsied and spread (Tables I and II) . From ®ve embryos, one of the biopsied blastomeres was lost during the spreading procedure and a further three embryos consisted of less than seven cells, so in these embryos only one cell was available for FISH analysis (Table III) . After the procedure, biopsied embryos were returned to culture. On day 5, embryos were scored for cleavage stage and morphology (Tables I±III): 14 embryos had developed to the blastocyst stage (48%; average morphology score: 2.1), three embryos (10%) were still at the 6±10-cell stage (arrested day 3), ®ve embryos (14%) had arrested at compaction (arrested day 4) and seven embryos (24%) had degenerated to such an extent that no intact blastomeres were available for spreading and they were not analysed further.
FISH analysis of blastomeres and embryos
The FISH results on day 3 and day 5 and their interpretation are shown in Tables I±III. From the 21 cases where two blastomeres were available for analysis, nine embryos showed concordant FISH results on day 3 (Table I) . From the ®ve (24%) embryos diagnosed as normal, three of these could be con®rmed after reanalysis on day 5. One embryo had degenerated, and the other embryo showed a false negative result: it was mosaic for monosomy 16. From the four embryos diagnosed as aneuploid or polyploid, the triploid embryo (case 9) had degenerated, but we could con®rm the other cases. Case 6 (trisomy 1) developed into a blastocyst with the same abnormality in all but one cell (Table I; Figure 1 ). In case 7, monosomy 7 was found in almost 80% of the cells. Although the resulting embryo was classi®ed as mosaic, we considered the abnormality to be cytogenetically con®rmed. For case 8, monosomy 18 was recovered in all but one cell of an otherwise chaotic embryo. The monosomy 18 clearly had a meiotic origin, with the other chromosomal abnormalities resulting from mitotic events.
The other 12 embryos (57%) showed different results for the two blastomeres and were considered mosaic (Table II) . Most mosaic embryos (cases 10±17) showed one normal and one abnormal blastomere. The other mosaic embryos (cases 18±21) showed two different abnormal blastomeres. One biopsied blastomere was binucleated, with both nuclei showing different abnormalities (case 18). On day 5, four of these 12 cases could be con®rmed as mosaic. However, in two cases, totally different chromosome abnormalities were involved (cases 12 and 19). In case 11, monosomy X was con®rmed, but the embryo also showed mosaicism for monosomy 16, which was not detected on day 3. In case 17, mosaic monosomy 1 was con®rmed on day 5, but monosomy 15 was not recovered. Two embryos had degenerated (cases 18 and 21), and the other six developed into chromosomally normal embryos.
In all, 17 embryos were available with a diagnosis based on two blastomeres on day 3 and con®rmatory studies on day 5. In 10 of these 17 cases the initial diagnosis of normal (n = 3), aneuploid (n = 3) or mosaic (n = 4) chromosome constitution could be con®rmed on day 5. However, in only six of these 10 cases (three normal, one monosomy 7, one monosomy 18 and one trisomy 1) were cytogenetic results considered concordant. Besides these 10 cases with a`correct' diagnosis, there were six false positive results and one false negative, all involving mosaicism.
From the embryos where only one blastomere was available for FISH analysis, two were diagnosed as normal and six as abnormal on day 3 (Table III) . Both normal embryos were mosaic on day 5. Case 22 showed non-disjunction of chromosome 18 in about half of the cells, which was not detected on day 3. Case 23 showed non-disjunction of chromosome 16 in a low percentage of cells. Three abnormal embryos had degenerated on day 5, and after reanalysis of the other three the initial diagnosis could be con®rmed only in case 24, which showed substantial mosaicism for trisomy 18. So, from the ®ve cases where con®rmatory studies were available on day 5, only one was con®rmed.
Discussion
In the current study, blastomere biopsy was performed on 29 cryopreserved embryos donated for research followed by reanalysis of the remaining embryo on day 5. This offers the unique opportunity to study their chromosomal constitution on day 3 and day 5 and to investigate the developmental capacity of embryos after biopsy of two blastomeres. A good proportion of embryos (14 out of 26, 54%) developed to the blastocyst stage after biopsy of two blastomeres. This rate is similar to the blastocyst rate on day 5 of non-biopsied good quality embryos in our laboratory, as reported previously Reanalysis of frozen±thawed embryos after PGD-AS (54%; Huisman et al., 2000) . Although larger numbers are needed to con®rm these observations, biopsy of two blastomeres does not seem detrimental to the development of the embryo.
Our data con®rm previous reports on the lack of correlation between the presence of blastomeres with a chromosome abnormality on day 3 and the likelihood of development to the blastocyst stage Sandalinas et al., 2001; Rubio et al., 2003) . Extended culture is no reliable means to select chromosomally normal embryos. This is well illustrated with case 6. This embryo, although morphologically scored as excellent, appeared to be uniformly trisomic for chromosome 1 (Figure 1 ). PGD-AS may therefore be a useful tool in selecting embryos with the best chances for implantation and further development. The ef®ciency, however, depends largely on the predictive value of the results obtained on day 3. Reanalysis of blastocysts can be a useful tool to investigate how representative the day 3 results are for the remaining embryo Veiga et al., 1999; Emiliani et al., 2000; Magli et al., 2000) . However, if a con®rmation rate should be established, it is useful to de®ne what can be considered con®rmed. From a cytogenetic point of view, con®rmation would entail that the chromosome constitution of the two investigated blastomeres is exactly re¯ected in the cell line(s) found at the blastocyst stage. In the group of embryos with two analysed blastomeres, we found this to be the case in six out of 17 reanalysed embryos. After analysis of one blastomere, only one out of ®ve gave the same results. Hence, cytogenetic con®rmation was obtained in only 32% (7/22).
There are several explanations for this high rate of discordance. Misdiagnosis can occur because of technical problems related to the FISH procedure, especially when using more probes simultaneously in successive rounds of FISH. The most extensive FISH screen reported so far, included probes for nine different chromosomes in two rounds of hybridization (Munne Â at al., 1998) . We used probes for 10 different chromosomes in two rounds of hybridization and found an overall rate of 84% of lymphocytes to display the normal amount of signals. Although this shows that the probe panels we used can be considered ef®cient for simultaneous enumeration of the selected chromosomes, it has to be kept in mind that results from lymphocyte nuclei cannot be directly compared with those from blastomere nuclei. Lymphocyte nuclei are subjected to extensive ®xation in methanol/acetic acid and are smaller and more compact in appearance. This can increase the likelihood of loss of signal or signal overlap. Furthermore, since most of the probes used are alpha-satellite probes, signal size can vary due to individual variability in size of the heterochromatic region. To detect this, lymphocyte nuclei from both parents should be used as controls. In these experiments, however, that was not possible. So, although FISH artefact may offer an explanation for the cytogenetic discordance, especially since most of the abnormalities encountered involved loss of signal, there may be other explanations.
First, the abnormal cell(s) could have been removed by the biopsy procedure, thus leaving only normal cells or cells with a different chromosome abnormality. Second, from the 29 biopsied embryos, 14 embryos showed >10% fragmentation and 13 embryos >20% at the time of biopsy. Though the origin and the mechanisms of this fragmentation process are still unclear, a strong association was established between percentage of fragmentation and chromosome abnormalities ). It has also been shown that fragments can contain chromatin (Jurisicova et al., 2003) , and, although highly speculative, this process may provide an explanation for the high incidence of chromosomal mosaicism involving chromosome loss we encountered at the 8-cell stage.
It has been shown that signi®cant evidence of apoptosis is not observed until the morula stage in human embryos (Jurisicova et al., 1996; Hardy, 1997 Hardy, , 1999 Hardy et al., 2001 ). This process may be responsible for the elimination of cells carrying a chromosome abnormality making the cell less viable, such as monosomies. So it would be likely for a large part of the aberrant cells to have disappeared at the blastocyst stage, thus confounding the con®rmation rate. A previous study performing reanalysis of blastocysts after PGD, indeed reported that correspondence to the day 3 diagnosis was lowest for monosomies and haploidies (Magli et al., 2000) . Furthermore, other studies showed that a lower percentage of embryos diagnosed with a monosomy developed to the blastocyst stage compared with normal embryos, or embryos with a trisomy (Sandalinas et al., 2001; Rubio et al., 2003) .
A high incidence of mosaicism on day 3 (57%) and day 5 (50%) was observed in the current group of cryopreserved embryos. Others described a similar high incidence of mosaicism in cryopreserved embryos after analysis of entire day 3 embryos (Iwarsson et al., 1999) . The possibility that chromosome abnormalities may actually be induced by the cryopreservation procedure cannot be excluded. This may explain the poor added value of cryopreservation in IVF programmes, as published recently (De Jong et al., 2002) . However, it should be considered that the embryos in the present study were selected in two ways. First, these embryos have survived the cryopreservation procedure, where 76% of the embryos degenerated. Second, although of good morphology, all embryos were surplus in an IVF cycle where the woman became pregnant from the fresh transfer of embryos. It is feasible that those embryos with a normal chromosomal constitution and thus the best chances for implantation were by chance selected in this cycle, leaving the embryos with chromosome abnormalities. Therefore, a direct comparison between fresh and cryopreserved embryos is needed to see if these abnormalities result from the cryopreservation procedure or are increased due to selection of a subgroup of embryos.
In the interpretation of the results, we considered the presence of some tetraploid cells to be a normal feature in preimplantation embryos as also seen in other mammalian species (Benkhalifa et al., 1993) . A marked increase in incidence of polyploid cells from day 4 to day 6 of development was described by others, suggesting that most polyploid cells arise during blastocyst formation and that they are a hallmark of trophoblast differentiation (Bielanska et al., 2002) . Indeed, in most of our cases with tetraploid cells, only a few cells were involved. Tetraploid cells can even undergo correction to normal diploid cells (Staessen et al., 1998) . However, it cannot be excluded that a high percentage of tetraploid cells, as in case 16 (Table II) which arose during one of the ®rst four post-zygotic cell divisions, would be detrimental. Although it has been found that tetraploid cells are almost exclusively allocated to the trophoblast compartment (Angel et al., 1987; Benkhalifa et al., 1993) , resulting in con®ned placental mosaicism as detected by prenatal diagnosis in chorionic villi (Noomen et al., 2001) , distribution to the inner cell mass may result in a non-viable (mosaic) tetraploid fetus.
If we consider the results obtained in the present study from a clinical viewpoint, con®rmation would be that an embryo diagnosed on day 3 as normal or abnormal is found to be the same after analysis on day 5. After analysis of only one blastomere, this was the case for only one embryo out of ®ve. After analysis of two blastomeres, the initial diagnosis was found to be most reliable if the results from both blastomeres were concordant (six out of seven). In the case of discordant results, con®rming the diagnosis was more complicated. Although initially we considered mosaic 8-cell embryos as abnormal, these data show that three out of 12 mosaic embryos became normal and morphologically good quality embryos. A recent study also showed embryos diagnosed on day 3 as mosaic to have the same developmental potential as normal embryos, but no reanalysis was performed . More data are needed on reanalysis of mosaic embryos, since it may help in understanding the fate of speci®c chromosome abnormalities during embryo development. This may eventually help to determine if some mosaic embryos can be considered safe for transfer.
In conclusion, investigation of two blastomeres allows for a better differentiation between uniformly diploid, uniformly aneuploid and mosaic embryos. We show here that the chromosome constitution of mosaic embryos is subject to changes during further development of the embryo. Thus, the analysis of two blastomeres on day 3 yields a better prediction of the chromosome constitution on day 5 and the developmental potential of the embryo.
